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Abstract

Matrix metalloproteinases (MMPs) are members of the Metzincin family of proteases responsible
for degrading the extracellular matrix (ECM). In early studies, MMP degradation of the sub-
epithelial basement membrane was thought to be tumor cell autonomous and contribute to the
invasive behavior of malignant cells. It is now recognized that MMPs have multiple roles that can
either promote or inhibit tumor progression and metastasis. The endogenous inhibitors of the
MMPs are the tissue inhibitors of metalloproteinases (TIMPs). Early studies on the tumor
microenvironment revealed TIMP function to be principally through the inhibition of MMPs,
thereby blocking tumor cell migration and invasion. However, data from a number of laboratories
are now reporting that TIMPs have direct cellular functions, independent of their MMP inhibitory
activity. The TIMPs can modulate normal tissue physiology and development, as well as
pathology and progression in a variety of acute and chronic disease states. In this review, we
briefly describe the role of MMPs and TIMPs in ECM turnover and formation of the tumor
microenvironment. Based on the evidence presented, we postulate that TIMP-2 and other soluble
components of the normal ECM may provide a novel therapeutic approach to cancer treatment
through “normalization” of the tumor microenvironment.
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Background

During normal tissue development, cells undergo differentiation to specific fates as a result
of interactions with the organ-specific biochemical (growth factors, cytokines, direct and
indirect cell signaling, proteolytic remodeling) and biophysical (spatial arrangement,
rigidity, orientation, focal adhesions/mechanosensors and porosity) properties of the
extracellular matrix (ECM) (1-3). As development proceeds, normal organogenesis results
in two tissue compartments, each with a distinct ECM. The mesenchymal compartment is
composed mainly of fibroblasts, blood vessel pericytes and occasional immune cells
enmeshed in a stromal matrix constituted principally of type I collagen, fibronectin,
glycoproteins and proteoglycans. This mesenchymal matrix is hydrated to an extent
controlled by the specific orientation of the collagen fibrils, as well as the composition and
concentration of glycoproteins and proteoglycans. These are the principal determinants of
rigidity and functional versatility. A second compartment encloses epithelial and endothelial
cells, which are separated from the stroma by a specialized ECM known as a basement
membrane (3,4). Basement membranes are usually continuous and distinctively composed of
type IV collagen, laminins, nidogen, entactin as well as perlecan. Basement membrane
components are produced by stromal, epithelial and endothelial cells but are denser and less
porous than stromal matricies. Subepithelial basement membranes present barriers to cell
migration as they have no pores large enough to allow cells to cross without proteolytic
remodeling (5). Development and regulation of epithelial cell polarity are major functions of
normal basement membranes (3). Together the stromal matrix and basement membranes
regulate cell fate determination, differentiation and tissue function. It is important to
recognize that there is a strong reciprocal relationship between stromal and epithelial
compartments. Functional or compositional changes (physiologic or pathologic) in one
compartment will result in reactive or compensatory changes in the other compartment,
known as dynamic reciprocity (3). Homeostatic balance is rigidly maintained despite
ongoing dynamic turnover of the ECM by remodeling enzymes (Figure 1). These proteases
are normally well controlled at the transcriptional and translational levels, as well as the
post-translational level by localized activation of the pro-enzymes and the presence of
specific protease inhibitors. Thus, homeostatic mechanisms assure that the correct tissue
architecture and function are maintained in a precise spatiotemporal fashion (6).

Proteolytic remodeling of the ECM

The principal enzymes responsible for remodeling and turnover of ECM include serine
proteases such as plasmin, as well as proteases belonging to the Metzincin family. Members
of the Metzincin family (so named for a conserved methionine residue and a catalytic zinc
atom at the active site) have an expanded repertoire of substrates beyond ECM. Also, it is
now recognized that Metzincins regulate a variety of integrin and cell surface receptors, and
may even activate or degrade substrates in the cytosolic compartment (7). The Metzincin
family encompasses three subfamilies: the matrix metalloproteinases (MMPS); a disintegrin
and metalloproteinase (ADAM); and ADAM with thrombospondin motifs (ADAMTS) (7).
In early studies on tumor cell invasion, MMP degradation of the ECM, particularly the sub-
epithelial basement membrane, was thought to be tumor cell autonomous and to contribute
prominently to the invasive behavior of malignant cells (5). This led to a series of early
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clinical trials with synthetic, non-specific inhibitors of MMPs. Unfortunately, these trials
revealed considerable side effects and no therapeutic benefit (8). It is now recognized that
the human MMP family consists of 24 different genes, and that multiple cell types, including
inflammatory cells, as well as activated endothelial cells, cancer-associated fibroblasts
(CAFs) and tumor cells are capable of contributing a wide variety of MMPs to the
microenvironment. More recent results suggest that MMPs may have additional functions
that now include inhibiting tumor progression (9). As a result, MMPs have multiple roles
that both promote and inhibit development of the tumor microenvironment, tumor
progression and metastasis. These functions are dependent on the MMP as well as the timing
and location of its expression during tumor progression. Targeting MMP activity as a
therapeutic strategy can be a double edge sword, requiring targeting of the specific MMP
member at the proper time during tumor progression. Improper targeting or timing may turn
anti-tumor activity into tumor-promoting effects.

ECM remodeling in chronic disease and identification of new targets

In addition to cancer progression, many other pathologic conditions, such as arthritis,
myocardial infarction and macular degeneration, are characterized by extensive remodeling
of the ECM. These chronic disease states are accompanied by deregulated expression and
activity of MMPs, resulting in changes in the composition, amount and structure of the ECM
(1,2). This extensive ECM remodeling suggests that the normal homeostatic mechanisms are
unbalanced and that barriers to cell migration, such as basement membranes, are disrupted
(5). In carcinoma progression, the transformation of tumor cells in the epithelial
compartment results in enhanced oncogene activation and tumor suppressor gene
inactivation, with enhanced expression of growth factors, chemokines and cytokines that
recruit additional host inflammatory cells, endothelial cells (angiogenesis) and activated
CAFs. These changes result in formation of the tumor microenvironment which further
promotes tumor progression (Figure 2). Thus, future cancer treatments will involve
combined therapy for the cytotoxic destruction of cancer cells, as well as targeting the tumor
microenvironment with therapies directed against tumor-associated macrophages (TAMs)
and CAFs, and tumor-associated angiogenesis (10). These host cells further alter the
composition and structure of the ECM, contributing to tumor cell invasion and subsequent
metastasis formation. Many of these infiltrating host cells express various MMP activities
that are not only potential therapeutic targets but potential cancer biomarkers that may prove
useful in monitoring disease progression (9).

Regulation of proteolytic remodeling

The four tissue inhibitors of metalloproteinases (TIMPS) are responsible for post-activation
inhibition of MMP, ADAM and ADAM-TS proteinase activities. The TIMPs inhibit
metalloproteinase activity by non-selectively binding to any of the 24 members of the MMP
family to form a 1:1 stoichiometric non-covalent complex, with the exception that TIMP-1
does not inhibit MT-1-MMP (11). Of the four TIMP family members, TIMP-2 is most
widely and abundantly expressed in the stromal compartments of most normal adult tissues
and its promoter elements resemble those of a “housekeeping” gene. In contrast, other
members of the TIMP family demonstrate more restrictive patterns of expression, as well as
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growth factor/cytokine-induced expression (12). By comparison the MMP levels are very
low or non-existent in normal tissues. Under normal physiologic conditions, TIMPs function
to maintain tissue homeostasis by limiting ECM turnover in a well-controlled spatiotemporal
fashion. For example, during tissue development, ovulation, menstruation, placentation,
parturition and post-lactation mammary gland involution there is a short duration of
moderate to low-level MMP activity that is limited by excess inhibitor concentrations. The
high levels of TIMP expression in the absence of detectable MMP expression suggest
excessive redundancy, or alternatively that TIMPs are multifunctional proteins (vide infra)
capable of regulating multiple cellular behaviors through direct cellular interactions. A
number of TIMP functions, unrelated to MMP inhibition, have been identified and include
regulation of cell growth (both positive and negative), cell migration, erythroid potentiating
activity and apoptosis (13). These effects are TIMP specific and may either enhance or
disrupt tissue homeostasis.

Metalloproteinase-independent functions of TIMPs

It has long been established that TIMPs have anti-tumorigenic and anti-angiogenic activity
associated with their MMP inhibitory activity. More recent studies have identified additional
MMP-independent functions for TIMP family members. The recent identification of TIMP-
mediated activation of cell signaling pathways, by direct cell surface binding to a variety of
TIMP-specific cell surface receptors, represents substantial experimental support of our
original hypothesis that TIMPs are pleiotropic. The number of cell surface receptors
modulating cell functions is growing steadily. Competitive binding experiments identified
a3p1 integrin as a putative cell surface receptor on endothelial cells for TIMP-2. The
mechanism of this effect was shown to be integrin-mediated inactivation of growth factor
receptor signaling, known as heterologous receptor inactivation, and was the first
demonstration that integrin-mediated signaling negatively regulates activation of a tyrosine
kinase receptor (14). Additional TIMP-2 receptors now include insulin-like growth factor-I
receptor (IGF-I1-R) for TIMP-2 inhibition of growth and angiogenesis (15), CD63-p1
integrin for TIMP-1 regulation of intrinsic and extrinsic cell death pathways (16) and
TIMP-3 antagonistic binding to VEGFR-2 (17). Interestingly, a TIMP-3 mutation associated
with an autosomal dominant form of macular degeneration known as Sorshy’s fundus
dystrophy adds a cysteine residue to the C-terminus of the protein, S156>C mutation. This
mutation does not disrupt VEGF binding to VEGFR-2, but enhanced VEGFR-2 membrane
association and a concomitant increase in angiogenesis (18). In addition to these
observations in cancer and vascular disease, recent evidence suggests an important role for
MMP-independent TIMP signaling in CNS disease. TIMP-1 and TIMP-2 signaling in
particular have been implicated in a variety of neurologic processes including
differentiation/arrest of neuronal cell growth, oligodendrocyte differentiation, enhanced CNS
myelination, protection of blood—brain barrier function and suppression of experimental
autoimmune encephalitis (19,20). Moreover, the identification of functional TIMP cell-
surface receptors and common expression of both TIMPs and MMPs in many pathologic
conditions have led Moore and Crocker to propose an alternative view of the role of MMPs
as cognate inhibitors of TIMP signaling function (21).
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Clinicopathologic and genetic evidence for decreased TIMP-2 expression in

tumors

There appears to be growing clinicopathologic evidence to support the concept that TIMP-2
expression levels are reduced in a variety of human tumor types and this is correlated with
enhanced tumor aggression. Conversely, increased TIMP-2 levels in tumor tissues correlates
with reduced tumor growth and augmented chemosensitivity. Thus, the remainder of this
review focuses on the TIMP-2 functions in tumor growth and progression. TIMP-2
expression levels in several types of human cancer tissues have been studied as prognostic
markers. Up regulation of TIMP-2 levels in serum or tumor tissue is associated with a better
prognosis in non-small cell lung cancer (NSCLC) patients (22). TIMP-2 expression levels
are inversely correlated with invasive behavior and grade in malignant gliomas and glioma-
derived cell lines. Further, TIMP-2 (but not TIMP-1) inhibited glioblastoma cell invasion
and gelatinolytic activity /in vitro (23,24). TIMP-2 expression levels are lower in human
tumor tissues from patients with aggressive gastric carcinoma and clear cell renal carcinoma
tissues (25). Lower serum levels of TIMP-2 in esophageal, gastric carcinoma, as well as
NSCLC have also been reported (serum and tissue) (26). Again, increased TIMP-2
expression (immunoreactivity or microarray analysis) positively correlated with enhanced
survival by Kaplan—Meier analysis in patients with endometrial and breast carcinoma
(27,28). Interestingly, it has been reported that increased TIMP-2 expression in the stromal
compartment, but not in the tumor cells, was associated with an enhanced response to
cisplatin- and paclitaxel-based chemotherapy in ovarian cancer patients (29). In summary,
there appears to be growing clinicopathologic evidence to support the concept that increased
tumor expression of TIMP-2 contributes to reduced tumor growth and a better prognosis, as
well as enhanced chemosensitivity.

Beyond the clinicopathologic evidence described above, TIMP-2 genotyping reveals
promoter polymorphisms that putatively correlate with variation in TIMP-2 expression
levels. At least nine polymorphisms in the TIMP-2 gene promoter have been identified (30).
A functional polymorphism in the promoter region of human TIMP-2 gene located at —418
is the most studied. This polymorphism is situated at the consensus sequence for binding of
Spl and apparently down regulates TIMP-2 expression (31). The -418 G>C polymorphism
has been associated with increase risk of several types of cancer including gastric cancer (in
a Chinese population), head and neck squamous cell carcinoma, colon carcinoma,
gallbladder carcinoma and progression in prostate cancer (32—34). Another polymorphism at
—-303 C>T has been associated with gastric cancer stage and higher frequency of distant
metastasis (35). These polymorphisms have not been studied in patients with NSCLC or
glioblastoma. Interestingly, the =418 G>C polymorphism has also been associated with the
uncommon cerebrovascular condition known as familial Mayomayo disease (36). Finally,
epigenetic inactivation of the TIMP-2 promoter, by methylation has been observed in
prostate and breast cancer tissues (37). If a correlation between either polymorphism with
low levels of TIMP-2 expression could be demonstrated, this would suggest that genotyping
might identify patients who would possibly benefit more from TIMP-2 biologic therapy.
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Anti-angiogenic effects of TIMP-2

The ability of TIMP-2 to suppress tumor cell invasion /n vitro and tumor growth /n vivo was
first described in the early 1990s by several groups. At the time of these early reports it was
assumed that the inhibition of tumor invasion, growth and metastasis was entirely
attributable to the ability of TIMP-2 to inhibit MMP activity (13). However, recent data
support the hypothesis that the anti-angiogenic and anti-tumorigenic effects are, at least in
part, attributable to MMP-independent effects of TIMP-2, suggesting that TIMP-2 could be
developed as a novel biologic therapy for cancer. The MMP-independent anti-angiogenic
effects and potential /7 vitro and in vivo mechanisms have been reviewed in detail elsewhere
(13). These previous studies made use of Ala + TIMP-2, a TIMP-2 variant that is deficient in
MMP inhibitory activity as a result of a single alanine residue added to the N-terminus.

More recent studies have extended these findings by showing that inhibition of src
homology protein tyrosine phosphatase-1 (SHP-1) prevents TIMP-2-mediated inhibition of
fibroblast growth factor-mediated endothelial mitogenesis. These findings are consistent
with previous observations that TIMP-2 activates SHP-1 resulting in inactivation
(dephosphorylation) of a variety of receptor tyrosine kinases via a ligand-dependent
fashion(14,38-40) In another series of experiments, the phosphorylation pattern of vascular
endothelial growth factor receptor-2 (VEGFR-2) following VEGF-A stimulation in the
presence or absence of TIMP-2 (Ala + TIMP-2) was determined (41). These studies showed
that Ala + TIMP-2 selectively alters tyrosine phosphorylation of VEGFR-2 at residues
implicated in endothelial cell proliferation and migration (decreased phosphorylation at
Y951 Y99 and Y1175), along with inhibition of phospholipase C-y, Akt and endothelial
nitric oxide synthetase (eNOS). TIMP-2 and Ala + TIMP-2 were independently shown to
inhibit VEGF-A-mediated Ca*2 influx, and reduced cGMP levels normally enhanced by
nitric oxide donors. The observed decrease in cGMP was sensitive to
isobutylmethylxanthine (IBMX) inhibition. Finally, TIMP-2 mediated the inhibition of
VEGF-A-induced vascular permeability via an a3p1-Shp-1-cAMP/PKA signaling pathway,
which involved enhanced VE-cadherin association with the cytoskeleton (40).

Direct anti-tumor activity of TIMP-2

Investigators then questioned if the MMP-independent anti-angiogenic activity of TIMP-2
was sufficient to inhibit tumor growth /n vivo. To examine this question, retroviral vector-
mediated forced expression of TIMP-2 and Ala + TIMP-2 in the human lung carcinoma cell
line A549 was used to examine effects on tumor xenograft growth /n vivo (42). Although
these cell lines showed no discernable difference in basal growth rates in vitro, there was
significant suppression of tumor growth in both TIMP-2 (>90%, p<0.001) and Ala +
TIMP-2 (>75%, p<0.001) xenografts compared to empty vector controls as late as 40 days
post tumor-inoculation. The suppression of tumor growth was accompanied by a marked
decrease in tumor microvascular density count (CD 31*or CD34"), a measure of anti-
angiogenic effects, as well as by increased tumor cell apoptosis (also possibly due to
inhibition of angiogenesis). These findings suggest that TIMP-2 alters the tumor
microenvironment to suppress tumor growth. In addition, immunohistochemistry
demonstrated a decrease in focal adhesion kinase (FAK) in TIMP-2 expressing tumors and a

Connect Tissue Res. Author manuscript; available in PMC 2018 December 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stetler-Stevenson and Gavil Page 7

decrease in FAK phosphor-ylation (Y397) in both TIMP-2 and Ala + TIMP-2 expressing
tumor cells. Analysis by reverse zymogram of tumor tissues from these experiments
demonstrated that Ala + TIMP-2 did not undergo N-terminal exopeptidase cleavage of the
alanine residue and that the tumor tissue from Ala TIMP-2 xenografts had reduced TIMP-2
MMP inhibitory activity. The observations that both FAK and AKT (Protein Kinase B, PKB)
phosphorylation were reduced in TIMP-2 and Ala + TIMP-2 tumor tissues are relevant in
that: (1) FAK is upstream of AKT signaling, and both are involved in regulation of cell
migration; (2) TIMP-2 and Ala + TIMP-2 expression reduced tumor cell migration in vitro.
Decreased FAK phosphorylation has also been observed in endothelial cells where it is
involved in control of eNOS activity. In summary, these experiments using retrovirally
transduced tumor cells expressing TIMP-2 or Ala + TIMP-2 clearly demonstrate that the
MMP-independent activities of TIMP-2, including the anti-angiogenic activity, alter the
tumor micro-environment, tumor cell gene expression/regulation, and are of sufficient
magnitude to meaningfully suppress tumor growth /in vivo.

The effects of TIMP-2 and Ala + TIMP-2 on differential gene expression in A549 tumor
cells and xenografts were determined through transcriptional profiling to confirm previous
findings of altered gene expression (decreased FAK). The observed changes in gene
expression were predominantly related to decreased tumor development and reduced
metastasis suggesting suppression of the tumor microenvironment in promoting progression
(43). These studies also demonstrated changes in cell membrane association of E-cadherin
and p-catenin, suggestive of a mesenchymal-to-epithelial (MET) transition. Other genes of
interest that were differentially regulated include EGF-containing fibulin-like ECM protein 1
(EGFEMP1, fibulin 3) which was up regulated in cells expressing TIMP-2 or Ala + TIMP-2.
This protein is a favorable prognostic factor in glioblastoma, and suppresses angiogenesis,
cell proliferation and VEGF-A expression. However, these findings need to be confirmed
and the specific mechanisms of the effects on downstream gene regulation, as well as the
tumor microenvironment, remain to be identified.

Additional data from gene expression profiling experiments also revealed changes in ATP-
binding cassette (ABC) transporter gene expression. ABC proteins drive cell efflux of a
variety of substrates, including cytotoxic drugs, and are known to contribute to resistance to
cancer chemotherapy. The activity of ABC transporters is an important indicator of cancer
stem cell (CSC) presence in various solid tumors. The Hoechst 33342 dye efflux assay
identifies a tumor cell subpopulation, known as the side population (SP) and are enriched in
CSCs. Based on the gene expression profiling data regulation of the SP in the A549 lung
cancer cell model was determined. These experiments demonstrated a strong, significant
inverse correlation (/%= 0.073, p<0.03) between the level of endogenous TIMP-2 mRNA
expression and the percentage of SP determined using the Hoechst dye efflux assay (44).
TIMP-2 expression resulted in a marked decrease in the SP that was associated with lower
expression of ABCGZ, ABCB1 and AKRI1CI. Functional analysis revealed that TIMP-2
expression leads to increased sensitivity to cytotoxic drugs /77 vitro, including doxorubicin
and topotecan. These findings suggest that TIMP-2 therapy may enhance sensitivity to
cytotoxic chemotherapy (10), and were the first demonstration that TIMP-2 modulates SP
and possibly CSC levels and function.
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Summary

Most published experiments have used forced expression of TIMP-2 (by tumor cell
transfection or viral transduction), to demonstrate inhibition of tumor growth and lung
metastasis (42,45-47). One report demonstrating an effect of exogenous TIMP-2 on tumor
growth actually used a human serum albumin (HSA)-TIMP-2 fusion protein, which is
devoid of MMP-inhibitory activity like Ala + TIMP-2. This HSA-TIMP-2 inhibited B16BJ6
melanoma tumor growth by ~50% (48). However, when combined with 5-fluoruracil the
inhibition of tumor growth was considerably enhanced. Similar studies with the
administration of exogenous recombinant TIMP-2 in various murine tumor models, with and
without concomitant cytotoxic therapy (10), are necessary to demonstrate the potential
clinical therapeutic utility of TIMP-2.

Normal tissues maintain homeostasis through sensing the structural, compaositional and
spatial organization (biophysical components) of the ECM, as well as through soluble
components (e.g. TGF-p) that function to promote tissue normalization following
physiologic remodeling of the ECM. TIMP-2 is widely expressed in the stromal
compartment of normal tissues and functions to support tissue homeostasis. However, in
pathologic remodeling of the ECM during tumor progression, invasion and metastasis,
TIMP-2 levels and MMP-independent effects are suppressed through repression of gene
expression and alteration of both MMP inhibitor and cell signaling functions. The increased
amount of activated MMPs present in the tumor microenvironment, combined with
decreased TIMP-2 production, results in more of the free TIMP-2 pool involved in MMP-
dependent regulation of matrix turnover, and a reduction in MMP-independent TIMP-2
function. This led to the proposal that the administration of exogenous, recombinant human
TIMP-2 may promote “normalization” of the tumor microenvironment and suppression of
tumor growth (Figure 3). This normalization would potentially involve: (i) TIMP-2
inhibition of MMP activity that would facilitate the production of intact ECM structural and
functional components; (ii) anti-angiogenic effects of TIMP-2, potentially resulting in
vascular “normalization”, which has been demonstrated to enhance the therapeutic window
for chemo/radiotherapies when using other anti-angiogenic agents (49,50); and (iii) direct
TIMP-2-mediated effects on differential gene expression in the tumor cells and their
sensitivity to cytotoxic chemotherapy, as described above. The effects of exogenous,
recombinant human TIMP-2 on suppression of tumor growth, tumor progression, metastasis
formation, as well as “normalization” of the tumor microenvironment are currently being
investigated. The results should reveal the potential clinical utility of TIMP-2 therapy.
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Figurel.
Homeostatic balance. Normal development and organogenesis results in the formation of

two tissue compartments each with distinct extracellular matrices. The normal epithelial/
endothelial compartment (upper layer) is composed of polarized (basal versus luminal
surfaces) cell layer(s), that are attached to the basement membrane. This basement
membrane represents a dense type IV collagen containing barrier that prohibits cell
migration between compartments. The mesenchymal compartment (lower layer) has a
stromal matrix comprised of structural macromolecules, such as type | collagen and
proteoglycans, which determine biophysical parameters, such as rigidity (stiffness) and
hydration. Both the basement membrane and stromal matrix are constantly remodeled in a
highly controlled fashion by matrix proteases and their endogenous inhibitors.
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Figure2.
Tumor microenvironment. The presence of invasive tumor cells results in the disruption of

the basement membrane and destabilization of the homeostatic balance that preserves
normal tissue architecture and function. This is also the result of growth factor/cytokine
production that activates cancer-associated fibroblasts, as well as recruitment of
inflammatory cells and induction of tumor angiogenesis. All of these cells contribute to
higher proteolytic activity, which degrades the rigidity of both the basement membrane and
the stromal matrix, by fragmentation of collagen fibrils and proteoglycans, and subsequently
allows cell migration across and through these extracellular matrices.
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Normalization of the Tumor Microenvironment
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Figure 3.
“Normalization” of the tumor microenvironment. If matrix components essential to tissue

homeostasis are reestablished at normal tissue levels, either through exogenous
administration or re-expression, the tumor microenvironment is attenuated. For example,
TIMP-2 treatment would restrict MMP-mediated destruction of ECM structural and
biochemical components; reduce tumor-associated angiogenesis; and directly alter tumor
cell gene expression. Further, return of the microenvironment towards a more homeostatic
balance, or “normalization” of the ECM, would be accompanied by a reduction in activated
fibroblasts (cancer-associated fibroblasts), inflammatory cell infiltration and tumor-
associated angiogenesis. Cumulatively, these pluripotent effects would reduce tumor growth
capacity and enhanced sensitivity to chemo/radiation therapy.
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